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*67 JOXWDWKLRQH6WUDQVIHUDVH DQWLR[LGDWLYHHQ]\PH
*$3'+ VLPLODUWRJO\FHUDOGHK\GHSKRVSKDWHGHK\GURJHQDVH>&*3$@ SUHGLFWHGR[LGRUHGXFWDVHLQJO\FRO\VLVDQGJOXFRQHRJHQHVLV
+0%6
VLPLODUWRSRUSKRELOLQRJHQGHDPLQDVHK\GUR[\PHWK\OELODQHV\QWKDVH
3UHXURSRUSK\ULQRJHQV\QWKDVH
SUHGLFWHGKHPHV\QWKHVLVSRUSK\ULQPHWDEROLVP
53 ULERVRPDOSURWHLQ FRPSRQHQWRIWKH6ULERVRPDOVXEXQLW
53/D VLPLODUWRULERVRPDOSURWHLQ/$>&*3%@ SUHGLFWHGFRPSRQHQWRIWKH6ULERVRPDOVXEXQLW
536 VLPLODUWRULERVRPDOSURWHLQ6>&*3$@ SUHGLFWHGFRPSRQHQWRIWKH6ULERVRPH
6'+$ VLPLODUWRVXFFLQDWHGHK\GURJHQDVHFRPSOH[VXEXQLW$IODYRSURWHLQ)S
SUHGLFWHGHOHFWURQWUDQVSRUWHULQWKH7&$F\FOHDQG
UHVSLUDWRU\FKDLQ
8%4 VLPLODUWR8%L4XLWLQIDPLO\PHPEHUXET SUHGLFWHGSURWHRO\VLV
7%3 VLPLODUWR7$7$ER[ELQGLQJSURWHLQ SUHGLFWHGJHQHUDO51$SRO\PHUDVH,,WUDQVFULSWLRQIDFWRU
VHTXHQFHV ZHUH EDVHG RQ LQ VLOLFR SUHGLFWLRQV DQG
QRW \HW H[SHULPHQWDOO\ FRQILUPHG VHH 7DEOH 
:H GHVLJQHG SULPHUV LQ VHTXHQFHV FRGLQJ IRU
FRQVHUYHG SURWHLQ GRPDLQV XVLQJ 3ULPHU
VRIWZDUH KWWSIURGRZLPLWHGXFJLELQ
SULPHUSULPHUBZZZFJL WDNLQJ LQWR DFFRXQW
WKH SRVVLEOH VHFRQGDU\ VWUXFWXUHV RI WKH DPSOLFRQ
0IROG VRIWZDUH KWWSZZZELRLQIRUSLHGX
DSSOLFDWLRQVPIROGFJLELQGQDIRUPFJL
3ULPHU FRQGLWLRQV ZHUH RSWLPL]HG E\ GHWHUPLQLQJ
WKH RSWLPDO DQQHDOLQJ WHPSHUDWXUH 7D DQG
SULPHU FRQFHQWUDWLRQ  ƫ0 3ULPHU DQG
DPSOLFRQ LQIRUPDWLRQ DUH OLVWHG LQ 7DEOH 
$PSOLFRQV ZHUH VHTXHQFHG IRU YHULILFDWLRQ XVLQJ D
3HUNLQ (OPHU ZZZSHUNLQHOPHUFRP $SSOLHG
%LRV\VWHPV ;/ DXWRPDWHG '1$ VHTXHQFHU
ZLWK  FP FDSLOODULHV ILOOHG ZLWK 323 SRO\PHU
3&5 SURGXFW ZDV WUHDWHG ZLWK VKULPS DONDOLQH
SKRVSKDWDVH  8ƫO $PHUVKDP %LRVFLHQFHV
ZZZDPHUVKDPFRP  DQG H[RQXFOHDVH , 
8ƫO (SLFHQWUH 7HFKQRORJLHV
ZZZHSLFHQWUHFRPPDLQDVS IRU  PLQXWHV DW
& IROORZHG E\  PLQXWHV DW & WR LQDFWLYDWH
WKH HQ]\PHV 7KLV PDWHULDO ZDV WKHQ XVHG IRU
F\FOH VHTXHQFLQJ ZLWKRXW DQ\ IXUWKHU SXULILFDWLRQ
XVLQJ WKH $%, 3ULVP %LJ'\H 9  7HUPLQDWRU
&\FOH6HTXHQFLQJNLW
5HDOWLPHTXDQWLWDWLYH3&5
$OO UHDOWLPH TXDQWLWDWLYH 3&5 UHDFWLRQV ZHUH
SHUIRUPHG RQ WKH L&\FOHU L4 5HDO7LPH 3&5
GHWHFWLRQ V\VWHP %LR5DG ZZZELRUDGFRP
(DFK  ƫO UHDFWLRQ FRQVLVWHG RI  ƫO 3ODWLQXP
6<%5 *UHHQ T3&5 6XSHU0L[ 8'*
XUDFLO1JO\FRV\ODVH ,QYLWURJHQ
ZZZLQYLWURJHQFRP VSLNHG ZLWK  SPROH
IOXRUHVFHLQ FDOLEUDWLRQ G\H %LR5DG  ƫO
GLOXWHG F'1$ WKH RSWLPL]HG DPRXQW RI IRUZDUG
DQG UHYHUVH SULPHU DQG  ƫO ZDWHU 0ROHFXODU
%LRORJ\ *UDGH (SSHQGRUI ZZZHSSHQGRUIFRP
7KH 3&5 SURJUDP FRQVLVWHG RI DQ LQLWLDO  PLQXWH
8'* LQFXEDWLRQ VWHS DW & IROORZHG E\ D 
PLQXWH GHQDWXUDWLRQ DW & 1H[W  F\FOHV
FRQVLVWLQJ RI  VHFRQGV RI GHQDWXUDWLRQ DW &
DQG  VHFRQGV RI DQQHDOLQJ DW WKH RSWLPDO
DQQHDOLQJ WHPSHUDWXUH GXULQJ ZKLFK IOXRUHVFHQFH
ZDV PHDVXUHG 7KLV ZDV IROORZHG E\ WKH
PHDVXUHPHQW RI IOXRUHVFHQFH GXULQJ D PHOWLQJ
FXUYH LQ ZKLFK WKH WHPSHUDWXUH UDLVHG IURP  WR
& LQ VHTXHQWLDO VWHSV RI & IRU  VHFRQGV
7KLV LQVXUHG WKH GHWHFWLRQ RI RQH JHQHVSHFLILF
SHDN DQG WKH DEVHQFH RI SULPHU GLPHU SHDNV
7KUHH QHJDWLYH FRQWUROV DQG D IROG GLOXWLRQ
VHULHV RI SRROHG F'1$ ZHUH LQFOXGHG LQ HDFK UXQ
7KLV SRROHG VDPSOH FRQVLVWHG RI F'1$ IURP KHDGV
IURP ERWK JURXSV EDFWHULDFKDOOHQJHG  FRQWURO
7KH IROG GLOXWLRQ VHULHV ZHUH XVHG WR FRQVWUXFW D
UHODWLYH VWDQGDUG FXUYH WR GHWHUPLQH WKH 3&5
HIILFLHQF\ 3&5 HIILFLHQFLHV ZHUH XVHG WR FRQYHUW
F\FOH WKUHVKROG YDOXHV &WYDOXHV WKH IUDFWLRQDO
3&5 F\FOH DW ZKLFK WKH IOXRUHVFHQW VLJQDO
VLJQLILFDQWO\ ULVHV DERYH WKH EDFNJURXQG VLJQDO
LQWR UDZ GDWD UHODWLYH TXDQWLWLHV (DFK UHDFWLRQ
ZDV UXQ LQ GXSOLFDWH ZKHUHE\ WKUHH QHJDWLYH
FRQWUROVZHUHLQFOXGHG
'HWHUPLQDWLRQ RI UHIHUHQFH JHQH
H[SUHVVLRQVWDELOLW\
7R GHWHUPLQH WKH H[SUHVVLRQ VWDELOLW\ RI WKH
VHOHFWHG UHIHUHQFH JHQHV LQ D KRQH\EHH KHDG
P51$ H[SUHVVLRQ RI WKH UHIHUHQFH JHQHV ZDV
PHDVXUHG LQ  VHSDUDWH UDQGRPO\ VHOHFWHG KHDGV
RI WKH EDFWHULDFKDOOHQJHG JURXS ELRORJLFDO
UHSOLFDWHV DQG LQ  VHSDUDWH UDQGRPO\ VHOHFWHG
KHDGV RI WKH FRQWURO JURXS ELRORJLFDO UHSOLFDWHV
(DFK LQGLYLGXDO KHDG UHDFWLRQ ZDV UXQ LQ
GXSOLFDWH WHFKQLFDO UHSOLFDWHV 7KLV PHDQV WKDW
IRU HDFK UHIHUHQFH JHQH  UHDOWLPH 3&5
UHDFWLRQV ZHUH SHUIRUPHG LQFOXGLQJ WKUHH
QHJDWLYH FRQWUROV DQG D IROG GLOXWLRQ VHULHV ZLWK
 PHDVXULQJ SRLQWV 1H[W LQ RUGHU WR FRPSDUH WKH
WUDQVFULSWLRQ OHYHO RI WKH VHOHFWHG JHQHV DFURVV
GLIIHUHQW VDPSOHV DQG H[SHULPHQWDO PDQLSXODWLRQ
WKH DYHUDJH &WYDOXH RI HDFK GXSOLFDWH UHDFWLRQ
ZDV FRQYHUWHG WR UDZ GDWD IRU VXEVHTXHQW DQDO\VLV
ZLWK WKH JH1RUP 9DQGHVRPSHOH HW DO  DQG
1RUPILQGHU $QGHUVHQ HW DO  SURJUDPV 7KH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH )LJXUH*HQHH[SUHVVLRQVWDELOLW\RIWKHFDQGLGDWHUHIHUHQFHJHQHVDQDO\]HGE\WKHJH1RUPVRIWZDUHEDVHGRQ
WKHSULQFLSOHWKDWJHQHSDLUVWKDWKDYHVWDEOHH[SUHVVLRQSDWWHUQVUHODWLYHWRHDFKRWKHUDUHDSSURSULDWHUHIHUHQFH
JHQHV$$YHUDJHH[SUHVVLRQVWDELOLW\YDOXHV0RIWKHVL[UHPDLQLQJUHIHUHQFHJHQHVSORWWHGIURPOHDVWVWDEOH
OHIWWRPRVWVWDEOHULJKW%3DLUZLVHYDULDWLRQDQDO\VLVEHWZHHQWKHQRUPDOL]DWLRQIDFWRUV1)Q DQG1)QWR
GHWHUPLQHWKHRSWLPDOQXPEHURIUHIHUHQFHJHQHVIRUQRUPDOL]DWLRQ7KHYDOXH9LVKLJKHUWKDQ9WKLVLV
GXHWRWKHLQFOXVLRQRIDUHODWLYHXQVWDEOHILIWKJHQH,QFUHDVLQJYDULDWLRQLQWKLVUDWLRFRUUHVSRQGVWRGHFUHDVLQJ
H[SUHVVLRQVWDELOLW\
DYHUDJH &WYDOXH RI HDFK GXSOLFDWH UHDFWLRQ ZDV
DOVR XVHG ZLWKRXW FRQYHUVLRQ WR DQDO\]H WKH
FDQGLGDWH UHIHUHQFH JHQHV ZLWK %HVW.HHSHU 3IDIIO
HWDO
5HVXOWV
7UDQVFULSWLRQSURILOLQJRIFDQGLGDWHJHQHV
,QLWLDO VFUHHQLQJ RI HOHYHQ SRWHQWLDO UHIHUHQFH
JHQHV E\ UHYHUVH WUDQVFULSWDVH3&5 VKRZHG WKDW
DOO WKH JHQHV ZHUH H[SUHVVHG LQ WKH KRQH\EHH
KHDG YLVXDOL]HG E\ D VLQJOH DPSOLFRQ ZLWK WKH
H[SHFWHG VL]H RQ D  DJDURVH JHO $OO WKHVH
DPSOLFRQV ZHUH VHTXHQFHG IRU YHULILFDWLRQ DQG DOO
GLVSOD\HG LGHQWLW\ ! ZLWK WKH GHVFULEHG
VHTXHQFHV RQ ZKLFK SULPHU GHVLJQ ZDV EDVHG
7DEOH  'XH WR WKH IRUPDWLRQ RI SULPHUGLPHUV
IRU 53 *67 DQG 7%3 DQG D ZHDN VLQJOH
DPSOLFRQ 53 DQG 7%3 WKHVH WKUHH JHQHV ZHUH
H[FOXGHG IURP WKH VWXG\ 3ULPHU GLPHU IRUPDWLRQ
DQG XQVSHFLILF DPSOLILFDWLRQ FDQ IDOVHO\ LQFUHDVH
JHQH H[SUHVVLRQ OHYHOV DQG PXVW EH DYRLGHG
HVSHFLDOO\ ZKHQ SHUIRUPLQJ UHDOWLPH 3&5 XVLQJ
6<%5 JUHHQ LQWHUFDODWLQJ G\HV *HQHVSHFLILF
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH DPSOLILFDWLRQ RI WKH RWKHU HLJKW JHQHV LQ WKH KHDG
ZDV FRQILUPHG E\ D VLQJOH SHDN LQ UHDOWLPH
PHOWFXUYH DQDO\VLV $ VWDQGDUG FXUYH ZDV
JHQHUDWHG IRU HDFK JHQH LQ WKH KHDG XVLQJ WKH
IROG VHULDO GLOXWLRQV RI SRROHG F'1$ JHQHUDWHG
IRUP LQIHFWHG DQG QRQLQIHFWHG EHH KHDGV 7KH
FRUUHODWLRQ FRHIILFLHQW 5 DQG 3&5 HIILFLHQF\ (
FKDUDFWHUL]LQJ HDFK VWDQGDUG FXUYH DUH JLYHQ LQ
7DEOH  3&5 HIILFLHQFLHV RI WKH DPSOLILFDWLRQ RI
WKH HLJKW JHQHV LQ WKH KRQH\EHH KHDG GLVSOD\HG IRU
PRVW JHQHV YHU\ JRRG 3&5 HIILFLHQFLHV YDU\LQJ
IURP  WR  RI ZKLFK ILYH YDULHG
EHWZHHQ  DQG  'XH WR XQDFFHSWDEOH
3&5 HIILFLHQFLHV WKH JHQHV +0%6  DQG
6'+$  ZHUH DOVR H[FOXGHG IURP WKH
VWXG\
*H1RUPDQDO\VLV
7KH UDQNLQJ RI WKH VL[ FDQGLGDWH UHIHUHQFH JHQHV
LQ ZKROH KHDG DFFRUGLQJ WR WKHLU DYHUDJH
H[SUHVVLRQ VWDELOLW\ 0 YDOXH LV VKRZQ LQ )LJXUH
$ )URP WKH PRVW VWDEOH ORZHVW 0YDOXH WR WKH
OHDVW VWDEOH KLJKHVW 0 YDOXH *$3'+536 
DFWLQ  53/D  Ơ78%  8%4 $OO VL[ JHQHV
UHDFK KLJK H[SUHVVLRQ VWDELOLW\ ZLWK ORZ 0YDOXHV
EHORZ WKH GHIDXOW OLPLW RI 0    7DEOH 
*H1RUP DQDO\VLV UHYHDOHG WKDW WKH SDLUZLVH
YDULDWLRQ YDOXH 9 LV KLJKHU WKDQ 9 )LJXUH
% ,QFUHDVLQJ YDULDWLRQ LQ WKLV UDWLR FRUUHVSRQGV
WR GHFUHDVLQJ H[SUHVVLRQ VWDELOLW\ GXH WR WKH
LQFOXVLRQ RI D UHODWLYHO\ XQVWDEOH ILIWK JHQH 6R
IRXU JHQHV *$3'+ 536 DFWLQ DQG 53/D
DUH QHFHVVDU\ IRU DFFXUDWH QRUPDOL]DWLRQ
,QFOXGLQJ D ILIWK UHIHUHQFH JHQH KDV QR VLJQLILFDQW
HIIHFWRQWKHQRUPDOL]DWLRQIDFWRU
7DEOH&DQGLGDWHUHIHUHQFHJHQHVIRUQRUPDOL]DWLRQ
UDQNHGDFFRUGLQJWRWKHLUH[SUHVVLRQVWDELOLW\FDOFXODWHGDV
WKHDYHUDJH09DOXHDIWHUVWHSZLVHH[FOXVLRQRIWKHZRUVW
VFRULQJJHQHE\JH1RUP
5DQNLQJRUGHU *HQH $YHUDJH0YDOXH
 *$3'+536 
 DFWLQ 
 53/D 
 Ơ78% 
 8%4 
1RUPILQGHUDQDO\VLV
7KH IRXU PRVW VWDEOH H[SUHVVHG UHIHUHQFH JHQHV
DUH LGHQWLFDO WR WKH RQHV SUHYLRXVO\ GHWHUPLQHG
XVLQJ JH1RUP EXW WKH UDQNLQJ RUGHU LV GLIIHUHQW
7DEOH  )URP PRVW VWDEOH ORZHVW VWDELOLW\
YDOXH WR OHDVW VWDEOH KLJKHVW VWDELOLW\ YDOXH
DFWLQ  53/D  *$3'+  536  Ơ78% 
8%4 7KH UDQNLQJ RI WKH WZR OHDVW VWDEOH
H[SUHVVHG JHQHV LV LGHQWLFDO EHWZHHQ JH1RUP DQG
1RUPILQGHU
7DEOH&DQGLGDWHUHIHUHQFHJHQHVIRUQRUPDOL]DWLRQOLVWHG
DFFRUGLQJWRWKHLUH[SUHVVLRQVWDELOLW\FDOFXODWHGE\
1RUP)LQGHU
5DQNLQJRUGHU *HQH 6WDELOLW\YDOXH
 DFWLQ 
 53/D 
 *$3'+ 
 536 
 Ơ78% 
 8%4 
%HVW.HHSHUDQDO\VLV
*HQH H[SUHVVLRQ YDULDWLRQ ZDV FDOFXODWHG IRU DOO
VL[ FDQGLGDWH UHIHUHQFH JHQHV EDVHG RQ &WYDOXHV
DQG GLVSOD\HG DV WKH VWDQGDUG GHYLDWLRQ 6'
DQG FRHIILFLHQW RI YDULDQFH &9 %HVW.HHSHU
KLJKOLJKWHG 536 DV WKH UHIHUHQFH JHQH ZLWK WKH
OHDVW RYHUDOO YDULDWLRQ IURP WKH OLVW RI VL[
FDQGLGDWH JHQHV 7DEOH  ZLWK DQ 6' RI 
ZKLFK UHSUHVHQWV DQ DFFHSWDEOH IROG FKDQJH
LQ H[SUHVVLRQ 7KH YDULDWLRQ LQ H[SUHVVLRQ RI WKH
RWKHU FDQGLGDWH UHIHUHQFH JHQHV ZDV JUHDWHU WKDQ
WZRIROG 6' JUHDWHU WKDQ  )URP PRVW VWDEOH
ORZHVW 6' WR OHDVW VWDEOH KLJKHVW 6' 536
 DFWLQ  *$3'+  Ơ78%  8%&  53/D
1H[W WKH SDLUZLVH FRUUHODWLRQ EHWZHHQ JHQHV DQG
WKH FRUUHODWLRQ EHWZHHQ HDFK JHQH DQG WKH
%HVW.HHSHU LQGH[ ZHUH FDOFXODWHG 7KH EHVW
FRUUHODWLRQ EHWZHHQ %HVW.HHSHU LQGH[ DQG
FDQGLGDWH UHIHUHQFH JHQH 7DEOH  ZDV REWDLQHG
IRU DFWLQ U    DQG 53/D U   
ZKLFK ZHUH DOVR UDQNHG DV WKH WZR PRVW VWDEOH
H[SUHVVHGUHIHUHQFHJHQHVXVLQJ1RUPILQGHU
'LVFXVVLRQ
1RUPDOL]DWLRQ RI JHQH H[SUHVVLRQ LV XVHG WR
FRUUHFW VDPSOHWRVDPSOH YDULDWLRQ LQ RUGHU WR
LGHQWLI\ UHDO JHQHVSHFLILF YDULDWLRQ
1RUPDOL]DWLRQ RI P51$ OHYHOV WR FHOO QXPEHU LV
QRW SRVVLEOH ZKHQ XVLQJ ZKROH WLVVXH VDPSOHV OLNH
WKH KHDG 9DQGHVRPSHOH HW DO  7KHUHIRUH
UHDOWLPH 3&5 GDWD DUH XVXDOO\ QRUPDOL]HG DJDLQVW
D FRQWURO JHQH 7UDGLWLRQDOO\ JHQHV WKRXJKW WR
KDYH VWDEOH H[SUHVVLRQ LQ WKH KRQH\EHH VXFK DV
DFWLQ DQG 6 U51$ KDYH EHHQ HPSOR\HG 'XH WR
LQFUHDVHG VHQVLWLYLW\ DQG G\QDPLF UDQJH RI
UHDOWLPH 3&5 RYHU WUDGLWLRQDO TXDQWLILFDWLRQ
WHFKQLTXHV WKH H[SUHVVLRQ RI VHYHUDO VR FDOOHG
KRXVHNHHSLQJ JHQHV KDV EHHQ VKRZQ WR YDU\ ZLWK
WUHDWPHQW ELRORJLFDO SURFHVV DQGRU WLVVXH RU FHOO
W\SH
*LYHQ WKH GHVFULEHG GLVDGYDQWDJHV D QHZ PHWKRG
RI HPSOR\LQJ PXOWLSOH UHIHUHQFH JHQHV KDV
HPHUJHG ZKLFK GHWHUPLQHV WKH H[SUHVVLRQ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH 7DEOH%HVW.HHSHUGHVFULSWLYHVWDWLVWLFDODQDO\VLVIRUUHIHUHQFHJHQHVEDVHGRQF\FOHWKUHVKROG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YDOXHV
actin RPS18 GAPDH ƠTUB RPL13a UBC %, %,D %,E %,F
'DWDIRUFDQGLGDWHUHIHUHQFHJHQHV JHQHV JHQHV JHQHV
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DEF%HVW.HHSHULQGH[FRPSXWHGWRJHWKHUZLWKWKHVDPHGHVFULSWLYHSDUDPHWHUVIRUUHVSHFWLYHO\JHQHV536
DFWLQ*$3'+DQGƠ78%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536DFWLQDQG*$3'+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%, %HVW.HHSHULQGH[
VWDELOLW\ RI GLIIHUHQW UHIHUHQFH JHQHV LQ VDPSOHV RI
LQWHUHVW 7KUHH IUHHO\ DYDLODEOH VRIWZDUH SURJUDPV
JH1RUP 1RUPILQGHU DQG %HVW.HHSHU ZHUH XVHG
WR HYDOXDWH WKH H[SUHVVLRQ VWDELOLW\ RI FDQGLGDWH
UHIHUHQFH JHQHV 7KH SUHVHQW SDSHU GHPRQVWUDWHV
WKDW WKHVH WRROV SHUPLW VHWWLQJ XS D YDOLGDWLRQ
SURFHGXUH ZLWK D EURDG UDQJH RI FDQGLGDWH
UHIHUHQFH JHQHV FRQVLVWLQJ RI NQRZQ KRQH\EHH
UHIHUHQFH JHQHV VXFK DV DFWLQ QH[W WR WKH
KRPRORJXHV RI UHIHUHQFH JHQHV IURP FORVHO\
ZDVS 536 DQG GLVWDQWO\ UHODWHG KXPDQ
*$3'+ DQG 53/D DQLPDO VSHFLHV $OWKRXJK
RQO\ DFWLQ ZDV LQFRUSRUDWHG LQ WKLV VWXG\ DV
NQRZQ KRQH\EHH UHIHUHQFH JHQH LW LV REYLRXV WKDW
RWKHU NQRZQ UHIHUHQFH JHQHV FDQ EH LQFOXGHG DQG
UHHYDOXDWHG LQ IXUWKHU VWXGLHV :LWK WKH JHQRPH
VHTXHQFH RI WKH KRQH\EHH DYDLODEOH LW VHHPV
SRVVLEOH WR LPSOHPHQW LQ VXFK VFUHHQLQJ
SURWRFROV JHQHV RI WKH KRQH\EHH IURP ZKLFK
IXQFWLRQDO LQIRUPDWLRQ LV VWLOO ODFNLQJ ,Q WKLV ZD\
WKH DUUD\ RI FDQGLGDWH KRQH\EHH UHIHUHQFH JHQHV
IRU IXUWKHU H[SHULPHQWV LV EURDGHQHG
VLJQLILFDQWO\
7KH HOLPLQDWLRQ RI WKH JHQHV *67 7%3 53
6'+$ DQG +0%6 IURP WKLV DQDO\VLV GXH WR
SULPHU GLPHU RU HIILFLHQF\ SUREOHPV GRHV QRW
LPSOLFDWH WKDW WKHVH JHQHV DUH XQVXLWDEOH DV
UHIHUHQFH JHQHV 3ULPHU GLPHU IRUPDWLRQ LV GXH WR
VHTXHQFH FRPSOHPHQWDULW\ RI WKH IRUZDUG DQG
UHYHUVH SULPHUV RI D JLYHQ JHQH DQG FDQ EH VROYHG
E\ GHVLJQLQJ D QHZ SULPHU VHW /RZ HIILFLHQF\ FDQ
EH UHODWHG WR WKH WLVVXH H[DPLQHG RU WKH
H[SHULPHQWDO VHWXS EXW GRHV QRW QHFHVVDULO\
PHDQ WKDW WKH VDPH SULPHU VHW LV XQVXLWDEOH WR
QRUPDOL]H GDWD VHWV IURP DQRWKHU SK\VLRORJLFDO
VWXG\
7KLV VWXG\ RQO\ WHVWHG WKH VXLWDELOLW\ DQG
SUREOHPV LQ UHIHUHQFH JHQH VHOHFWLRQ LQ
FRQMXQFWLRQ ZLWK WKH '1$ ELQGLQJ G\H 6<%5
*UHHQ 7KLV IOXRUHVFHQW G\H ELQGV LQ WKH PLQRU
JURRYH RI GRXEOHVWUDQGHG '1$ LQ D
VHTXHQFHLQGHSHQGHQW ZD\ $QRWKHU IOXRUHVFHQW
PHWKRG DOORZV VSHFLILF VHTXHQFH GHWHFWLRQ
EHFDXVH RI WKH XVH RI IOXRUHVFHQWO\
VHTXHQFHVSHFLILF K\EULGL]DWLRQ SUREHV 6HYHUDO
W\SHV RI SUREHV 7DT0DQ 0ROHFXODU %HDFRQV
7DEOH5HSHDWHGSDLUZLVHFRUUHODWLRQDQDO\VLVRIFDQGLGDWHUHIHUHQFHJHQHV*HQHVDUHSDLUZLVHFRUUHODWHGRQH
ZLWKDQRWKHUDQGWKHQZLWKWKH%HVW.HHSHULQGH[
YV DFWLQ 536 *$3'+ Ơ78% 53/ 8%&
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/LJKW&\FOHU DQG $PSOLIOXRU FDQ EH XVHG 6RPH RI
WKH 6<%5 *UHHQUHODWHG SUREOHPV IRUPDWLRQ RI
SULPHU GLPHUV IRUPDWLRQ RI VHFRQGDU\ VWUXFWXUHV
LQ WKH 3&5 SURGXFW SULPHU FRQFHQWUDWLRQ ZKLFK
FDQ EH OLPLWLQJ DUH QRW DV LPSRUWDQW ZKHQ XVLQJ
WKHVH VHTXHQFHVSHFLILF SUREHV +RZHYHU
XQZDQWHG SURGXFWV FDQ EH IRUPHG EXW UHPDLQ
XQGHWHFWHG ZKLFK PD\ DOWHU WKH DPSOLILFDWLRQ
HIILFLHQF\ RI WKH VSHFLILF SURGXFW :KHQ XVLQJ
6<%5 *UHHQ QRQVSHFLILF SURGXFWV FDQ EH
GHWHFWHG DV VHSDUDWH GLVWLQFW PHOWLQJ SHDNV LQ D
PHOWLQJ FXUYH DQDO\VLV %RWK GHWHFWLRQ IRUPDWV
6<%5 *UHHQ DQG K\EULGL]DWLRQ SUREHV DUH
SRWHQWLDOO\ UDSLG DQG VHQVLWLYH 7KHUHIRUH ZH
SUHIHUUHG WKH XVH RI WKH PRUH HFRQRPLFDO 6<%5
*UHHQ
7KH VL[ FDQGLGDWH UHIHUHQFH JHQHV XVHG IRU WKH
GDWD DQDO\VLV GLVSOD\ D UHODWLYHO\ ZLGH UDQJH RI
H[SUHVVLRQ OHYHO VHH )LJXUH  IURP WKH ORZHVW
PHDQ &WYDOXH  LQ 536 WR WKH KLJKHVW
 LQ Ơ78% 7KHVH VL[ JHQHV ZHUH XVHG WR
FRPSDUH WKUHH GLIIHUHQW SURJUDPV JH1RUP
1RUPILQGHU DQG %HVW.HHSHU 7KH UHVXOWV IURP
JH1RUP DQG 1RUPILQGHU FDQ EH HDVLO\ FRPSDUHG
EHFDXVH WKH\ ERWK XVH UDZ GDWD UHODWLYH
TXDQWLWLHV DV LQSXW GDWD %RWK SURJUDPV
LGHQWLILHG WKH VDPH IRXU UHIHUHQFH JHQHV VHH
7DEOH  DQG  DV PRVW VWDEOH H[SUHVVHG RQO\
GLIIHULQJ LQ WKHLU UDQNLQJ RUGHU +RZHYHU RQO\
JH1RUP SURYLGHV LQIRUPDWLRQ DERXW WKH RSWLPDO
QXPEHU RI JHQHV LQ D JLYHQ H[SHULPHQW ZKHUHDV
1RUPILQGHU JLYHV DGGLWLRQDO LQIRUPDWLRQ DERXW
WKH LQWHU DQG LQWUDJURXS H[SUHVVLRQ YDULDWLRQV
%HVW.HHSHU RQ WKH RWKHU KDQG XVHV &WYDOXHV DV
LQSXW GDWD 7KLV SHUKDSV H[SODLQV WKH VOLJKWO\
GLIIHUHQW RXWSXW ZKHQ FRPSDUHG WR JH1RUP DQG
1RUPILQGHU $FFRUGLQJ WR %HVW.HHSHU RQO\ WKH
JHQH 536 FDQ EH FRQVLGHUHG DV GLVSOD\LQJ
FRQVLVWHQW H[SUHVVLRQ 6'    &W 7KH
FRPSXWHG %HVW.HHSHU LQGH[ %, IRU WKH WKUHH
PRVW VWDEOH JHQHV 536 DFWLQ DQG *$3'+ LV
DFFHSWDEOH ZLWK 6'    7DEOH  LPSOLFDWLQJ
WKDW WKH\ FDQ EH XVHG IRU QRUPDOL]DWLRQ $
FRPSDUDWLYH HYDOXDWLRQ RI WKH VL[ FDQGLGDWH
UHIHUHQFH JHQHV E\ SDLUZLVH FRUUHODWLRQ UHYHDOHG
VWURQJ FRUUHODWLRQV   U   EHWZHHQ
ILYH RI WKH VL[ FDQGLGDWH JHQHV 7DEOH 
%HVW.HHSHU UDQNHG 53/D DV OHDVW VWDEOH
H[SUHVVHG JHQH EXW FRUUHODWLRQV EHWZHHQ WKH
%HVW.HHSHU LQGH[ DQG FDQGLGDWH UHIHUHQFH JHQHV
7DEOH  GLVSOD\HG WKH VHFRQG EHVW YDOXH IRU
53/D U    )URP WKH WKUHH SURJUDPV
DFWLQ 536 DQG *$3'+ FDQ EH FRQVLGHUHG DV
EHVW UHIHUHQFH JHQHV )LUVW EHFDXVH DOO WKUHH ZHUH
IRXQG WR EH PRVW VWDEOH UHIHUHQFH JHQH E\ HDFK
SURJUDP ,Q DGGLWLRQ WKHVH WKUHH UHIHUHQFH JHQHV
VKRZ WKH KLJKHVW H[SUHVVLRQ LQ WKH KRQH\EHH KHDG
PHDQ &WYDOXH EHORZ  RI WKH VL[ FDQGLGDWH
JHQHVVHH )LJXUH
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UHDOWLPH 3&5 DVVD\V FUHDWHG E\ 9DQGHVRPSHOH
DQG FROOHDJXHV 3DWW\Q HW DO 
KWWSPHGJHQXJHQWEHUWSULPHUGE
6XEPLWWLQJ SULPHUV IRU HYDOXDWHG UHIHUHQFH JHQHV
FDQ SUHYHQW WLPHFRQVXPLQJ SULPHU GHVLJQ DQG
H[SHULPHQWDO RSWLPL]DWLRQ DQG LQWURGXFHV D
FHUWDLQ OHYHO RI XQLIRUPLW\ DQG VWDQGDUGL]DWLRQ
DPRQJ GLIIHUHQW ODERUDWRULHV 7KH SULPHUV IRU
*$3'+ 536 DFWLQ DQG 53/D WKH IRXU EHVW
VXLWDEOH UHIHUHQFH JHQHV DFFRUGLQJ WR JH1RUP
9DQGHVRPSHOH HW DO  KDYH EHHQ VXEPLWWHG
WR WKH 573ULPHU'% )LYH RWKHU SULPHU VHWV IURP
LQVHFW RULJLQ 'URVRSKLOD PHODQRJDVWHU ZHUH
DOUHDG\SUHVHQWLQ573ULPHU'%
,Q FRQFOXVLRQ WKLV LV WKH ILUVW GHWDLOHG VWXG\ RQ
WKH HYDOXDWLRQ RI VHOHFWHG UHIHUHQFH JHQHV LQ WKH
KRQH\EHH &DXWLRQ LV DGYLVHG ZKHQ XVLQJ D VLQJOH
UHIHUHQFH JHQH ZKLFK LV EHOLHYHG WR KDYH VWDEOH
H[SUHVVLRQ LQ D SDUWLFXODU H[SHULPHQWDO VHWXS %\
D FRPELQDWLRQ RI WKUHH VRIWZDUH SURJUDPV IRU GDWD
DQDO\VLV WKLV VWXG\ VKRZHG WKDW WKH JHQHV DFWLQ
536 DQG *$3'+ DUH WKH PRVW VWDEOH H[SUHVVHG
UHIHUHQFH JHQHV LQ WKH KRQH\EHH KHDG LQ WKH
FRQWH[W RI EDFWHULDO LQIHFWLRQ ZLWK ( FROL ,W LV DOVR
LPSRUWDQW WKDW WKH UHIHUHQFH JHQHV VHOHFWHG
VKRXOG RQO\ EH XVHG LQ WKH VDPH ELRORJLFDO FRQWH[W
DQGWLVVXH2WKHUXVHVVKRXOGEHUHHYDOXDWHG
5HIHUHQFHV
$QGHUVHQ &/ -HQVHQ -/ UQWRIW 7)  1RUPDOL]DWLRQ RI
UHDOWLPH TXDQWLWDWLYH UHYHUVH WUDQVFULSWLRQ3&5 GDWD $
PRGHOEDVHG YDULDQFH HVWLPDWLRQ DSSURDFK WR LGHQWLI\
JHQHV VXLWHG IRU QRUPDOL]DWLRQ DSSOLHG WR EODGGHU DQG
FRORQFDQFHUGDWDVHWV &DQFHU5HVHDUFK  
&KHQ <3 +LJJLQV -$ )HOGODXIHU 0)  4XDQWLWDWLYH
UHDOWLPH UHYHUVH WUDQVFULSWLRQ3&5 DQDO\VLV RI GHIRUPHG
ZLQJ YLUXV LQIHFWLRQ LQ WKH KRQH\EHH $SLV PHOOLIHUD /
$SSOLHGDQG(QYLURQPHQWDO0LFURELRORJ\  
&XQKD $' 1DVFLPHQWR $0 *XLGXJOL .5 6LP}HV =/3 %LWRQGL
00*  0ROHFXODU FORQLQJ DQG H[SUHVVLRQ RI D
KH[DPHULQ F'1$ IURP WKH KRQH\EHH $SLV PHOOLIHUD
-RXUQDORI,QVHFW3K\VLRORJ\  
'RQQHOO '0 6WUDQG 05  &DVWHEDVHG GLIIHUHQFHV LQ
JHQH H[SUHVVLRQ LQ WKH SRO\HPEU\RQLF ZDVS &RSLGRVRPD
IORULGDQXP ,QVHFW %LRFKHPLVWU\ DQG 0ROHFXODU %LRORJ\
 
+RQH\EHH *HQRPH 6HTXHQFLQJ &RQVRUWLXP  ,QVLJKWV
LQWR VRFLDO LQVHFWV IURP WKH JHQRPH RI WKH KRQH\EHH $SLV
PHOOLIHUD 1DWXUH  
+XQW *- $PGDP *9 6FKOLSDOLXV ' (PRUH & 6DUGHVDL 1
:LOOLDPV &( 5XHSSHOO 2 *X]PDQ1RYRD (
$UHFKDYDOHWD9HODVFR 0 &KDQGUD 6 )RQGUN 0. %H\H 0
3DJH 5(  %HKDYLRUDO JHQRPLFV RI KRQH\EHH IRUDJLQJ
DQGQHVWGHIHQFH 1DWXUZLVVHQVFKDIWHQ  
,RYFKHY 0 %RXWDQDHY $ ,YDQRY , :ROVWHQKROPH $
1XUPLQVN\ ' 6HPHQRY (  3K\ORJHQHWLF VKDGRZLQJ
RI D KLVWDPLQHJDWHG FKORULGH FKDQQHO LQYROYHG LQ LQVHFW
YLVLRQ ,QVHFW %LRFKHPLVWU\ DQG 0ROHFXODU %LRORJ\ 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3HUHLUD *$*  *HQH H[SUHVVLRQ SURILOHV XQGHUO\LQJ
DOWHUQDWLYH FDVWH SKHQRW\SHV LQ D KLJKO\ HXVRFLDO EHH
0HOLSRQD TXDGULIDVFLDWD ,QVHFW 0ROHFXODU %LRORJ\ 

-XVWLFH 5: 'LPLWUDWRV 6 :DOWHU 0) :RRGV ') %LHVVPDQQ
+  6H[XDO GLPRUSKLF H[SUHVVLRQ RI SXWDWLYH
DQWHQQDO FDUULHU SURWHLQ JHQHV LQ WKH PDODULD YHFWRU
$QRSKHOHV JDPELDH ,QVHFW 0ROHFXODU %LRORJ\ 

/RXUHQoR $3 =XIHODWR 06 %LWRQGL 00* 6LP}HV =/3 
0ROHFXODU FKDUDFWHUL]DWLRQ RI D F'1$ HQFRGLQJ
SURSKHQROR[LGDVH DQG LWV H[SUHVVLRQ LQ $SLV PHOOLIHUD
,QVHFW%LRFKHPLVWU\DQG0ROHFXODU%LRORJ\  
0LWWDSDOOL 2 6KXNOH 5+ 6DUGHVDL 1 *LRYDQLQL 03 :LOOLDPV
&(  ([SUHVVLRQ SDWWHUQV RI DQWLEDFWHULDO JHQHV LQ
WKH +HVVLDQ IO\ -RXUQDO RI ,QVHFW 3K\VLRORJ\ 

3DWW\Q ) 6SHOHPDQ ) 'H 3DHSH $ 9DQGHVRPSHOH - 
573ULPHU'% WKH UHDOWLPH 3&5 SULPHU DQG SUREH
GDWDEDVH 1XFOHLF$FLGV5HVHDUFK  
3IDIIO 0: 7LFKRSDG $ 3UJRPHW & 1HXYLDQV 73 
'HWHUPLQDWLRQ RI VWDEOH KRXVHNHHSLQJ JHQHV GLIIHUHQWLDOO\
UHJXODWHG WDUJHW JHQHV DQG VDPSOH LQWHJULW\
%HVW.HHSHU([FHOEDVHG WRRO XVLQJ SDLUZLVH FRUUHODWLRQV
%LRWHFKQRORJ\/HWWHUV  
6FKDUODNHQ % GH *UDDI '& 0HPPL 6 'HYUHHVH % 9DQ
%HHXPHQ - -DFREV )-  'LIIHUHQWLDO SURWHLQ
H[SUHVVLRQ LQ WKH KRQH\EHH KHDG DIWHU D EDFWHULDO
FKDOOHQJH $UFKLYHV RI ,QVHFW %LRFKHPLVWU\ DQG
3K\VLRORJ\  
6WU]HQEDXP 65 .LOOH 3  &RQWURO JHQHV LQ TXDQWLWDWLYH
PROHFXODU ELRORJLFDO WHFKQLTXHV WKH YDULDELOLW\ RI
LQYDULDQFH &RPSDUDWLYH %LRFKHPLVWU\ DQG 3K\VLRORJ\ %
 
6X]XNL 7 +LJJLQV 3- &UDZIRUG '5  &RQWURO VHOHFWLRQ
IRU51$TXDQWLWDWLRQ %LRWHFKQLTXHV  
7KHOOLQ 2 =RU]L : /DND\H % 'H %RUPDQ % &RXPDQV %
+HQQHQ * *ULVDU 7 ,JRXW $ +HLQHQ ( 
+RXVHNHHSLQJ JHQHV DV LQWHUQDO VWDQGDUGV XVH DQG OLPLWV
-RXUQDORI%LRWHFKQRORJ\ 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
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'H 3DHSH $ 6SHOHPDQ )  $FFXUDWH QRUPDOL]DWLRQ RI
UHDOWLPH TXDQWLWDWLYH 573&5 GDWD E\ JHRPHWULF
DYHUDJLQJ RI PXOWLSOH LQWHUQDO FRQWURO JHQHV *HQRPH
%LRORJ\  UHVHDUFKUHVHDUFK
9RQWDV -* 6PDOO *- +HPLQJZD\ -  &RPSDULVRQ RI
HVWHUDVH JHQH DPSOLILFDWLRQ JHQH H[SUHVVLRQ DQG HVWHUDVH
DFWLYLW\ LQ LQVHFWLFLGH VXVFHSWLEOH DQG UHVLVWDQW VWUDLQV RI
WKH EURZQ SODQWKRSSHU 1LODSDUYDWD OXJHQV 6WnO ,QVHFW
0ROHFXODU%LRORJ\  
:KHHOHU '( %XFN 1 (YDQV -'  ([SUHVVLRQ RI LQVXOLQ
SDWKZD\ JHQHV GXULQJ WKH SHULRG RI FDVWH GHWHUPLQDWLRQ LQ
WKH KRQH\EHH $SLV PHOOLIHUD ,QVHFW 0ROHFXODU %LRORJ\
 
=XIHODWR 06 /RXUHQoR $3 6LP}HV =/3 -RUJH -$ %LWRQGL
00*  3KHQROR[LGDVH DFWLYLW\ LQ $SLV PHOOLIHUD
KRQH\EHH SXSDH DQG HFG\VWHURLGGHSHQGHQW H[SUHVVLRQ
RI WKH SURSKHQROR[LGDVH P51$ ,QVHFW %LRFKHPLVWU\ DQG
0ROHFXODU%LRORJ\  
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